1 aquatic biota during severe supraseasonal droughts (Lake 2011) largely because of the challenges 48 of capturing the early stages of these unpredictable, slow-onset events (Fleig et al. 2010) .
49
The few studies conducted were focused on benthic invertebrates in surface sediments thermal stress during periods of elevated water temperature .
58
In addition to disturbance-related drivers, seasonal variability and multiple environmental Similar changes might be predicted in streams as a supraseasonal drought proceeds (Lake 2011).
76
We concurrently sampled benthic and hyporheic invertebrate assemblages in riffle 77 habitats at 2 perennial and 2 historically semiperennial sites along the Little Stour River, UK, at 78 monthly intervals during the latter stages of a severe supraseasonal drought to test 3 hypotheses: 
METHODS

92
Study site and drought characteristics 93 The Little Stour River (lat 51.275°N, long 1.168°E) is a 11.5 km long lowland 94 groundwater-dominated stream that drains a predominantly agricultural catchment of ~213 km 2 .
95
The geology in the headwaters is chalk overlain by alluvial gravels in the river's middle and were conducted for individual sites, as described for environmental variables. . One-way ANOVAs were then used to detect temporal changes in β diversity (as IMD).
186
Our 3 rd hypothesis was tested by plotting sequential sample centroids in 2-dimensional 
RESULTS
201
Environmental conditions during the drought depth was never <2 cm at any sampling point (Table 1) . After a lagged response to increased 209 rainfall during August, discharge began to recover during September and remained relatively 210 stable until the end of the study (Fig. 1A ).
211
Water temperatures were higher in the surface stream (15.7 ± 0.3°C) than in the HZ (14.9
212
± 0.3°C; RM ANOVA, p = 0.001) and peaked in July in both habitats (Table 1 ). In July, site- whereas in hyporheic water, site means were 19.3 to 21.3°C, and temperatures peaked at 21.7°C.
215
Temperatures declined in August but experienced a 2 nd , lower peak in September (Table 1 (Table 1) . Surface and hyporheic water had similar pH (7.4-8.6, RM ANOVA, p = 0.952), and 221 monthly means ranged from 7.7 to 8.2 in both zones (Table 1) . Conductivity was higher in 222 hyporheic (576 µS/cm) than in surface water (568 µS/cm, RM ANOVA, p < 0.001) and was
Benthic assemblage composition 226
In total, 53,918 individuals from 89 taxa were recorded from 140 Surber samples.
227
Gammarus pulex (Amphipoda:Gammaridae) dominated the assemblage (35% of total 228 abundance), followed by Chironomidae larvae (Diptera, 14% of total abundance). Oligochaeta, Fig. 2A) , reflecting minor reductions in the richness of several groups (Table 2) .
253
Temporal trends in α diversity varied among sites (RM ANOVA interaction, p < 0.001).
254
Semiperennial site 2 deviated from the overall pattern, largely because richness increased from
255
July to a September peak (Tukey's test, p <0.001) at this site.
256
Hyporheic α diversity did not differ among sites from April to July (p = 1 for all pairwise 257 comparisons; Fig. 2B , Table 2 ). Taxon richness decreased in August, with a significant decline at 258 site 2 (1-way ANOVA, p < 0.001) caused largely by the absence of 4 uncommon crustaceans.
259
Richness then rose sharply at all sites in September (RM ANOVA p < 0.001, Fig. 2B ), especially 260 in the Trichoptera and Diptera, and also in the Coleoptera and Crustacea (Table 2 ). In October,
261
richness at all sites had returned to levels similar to those recorded in April (Fig. 2B) Fig. 3A ). Some patterns were consistent across sites, particularly at sites 2, 3 and 4.
277
Benthic IMD was generally low between April and June, increased considerably in July, and 278 remained fairly high after July (Fig. 3A) . Hyporheic β diversity also varied among months (1-
279
way ANOVA, p = 0.032), but temporal changes were not consistent among sites until July ( 4, where a steady decline began in June and continued until September (Fig. 3B) .
284
Temporal trends in between-site variation in benthic assemblage composition (β diversity)
285
NMDS ordination of benthic samples revealed marked differences in assemblage 286 composition between sites 1, 4, and the 2 semiperennial sites (2 and 3), which overlapped 287 slightly (Fig. 4A) . Differences between all site pairs were significant (ANOSIM, global R = 288 0.563, p < 0.001) and reflected variation in the densities of S. ignita, Baetidae, A. fuscipes, and E.
289
aenea larvae (SIMPER). Samples from site 4 had high axis-1 scores (Fig. 4A ), which were 290 significantly correlated (p ≤ 0.002) with increasing depth and flow and declining pH.
291
Semiperennial sites typically had higher axis-2 scores, which were significantly correlated (p ≤ 292 0.029) with temperature and DO.
293
Temporal trajectories of change in benthic assemblage composition were broadly similar 294 14 across sites, with NMDS axis-2 scores declining until month 4 (July), when centroids of sites 1-295 3 plotted in close proximity. This assemblage was characterized by low richness of insect and 296 noninsect taxa and low abundance of common taxa, such as Oligochaeta (Table 2 ). After July,
297
trajectories indicated a partial return to the assemblage composition seen in April (Fig. 4A) . The 298 pattern at perennial site 1 was the most variable mainly because of divergence in September. This 299 divergence also was evident at semiperennial site 3. Nonetheless, β diversity over time (evident 300 as the spread of the 7 centroids representing each site) was comparable at perennial sites 1 and 4
301
and was lower than at the semiperennial sites (Fig. 4A ).
302
Temporal change in assemblage composition was significant at site 1 (ANOSIM, global and 3 on the first 3 sampling dates (Fig. 4A) , composition diverged at these sites after June.
312
Temporal trends in between-site variation in hyporheic assemblage composition (β 313 diversity) 314 Hyporheic assemblage composition overlapped considerably among all sites (Fig. 4B) September peaks) were primarily responsible for these significant differences (SIMPER).
335
Hyporheic assemblage composition also changed over time at the 2 semiperennial sites 
DISCUSSION
342
Benthic assemblage responses to supraseasonal drought 343 Our results supported our 1 st hypothesis that benthic taxon richness (α diversity) would 344 decrease steadily as the drought proceeded, whereas hyporheic α diversities would change little.
345
A general decrease in benthic α diversity during the final stages of the drought (April-July) was during a heat wave and suggested that these declines were caused by high water temperatures.
360
Benthic α diversity increased at all sites in August, coinciding with the lowest discharge 361
and after the heat wave ended. Groups contributing to this increase included multiple insect Depth (cm) SW 9.1 ± 0.7 8.9 ± 0.6 8.0 ± 0.7 8.1 ± 0.6 9.5 ± 1.0 6.5 ± 0.7 7.1 ± 0.5
Velocity (cm/s) SW 36 ± 3 36 ± 5 23 ± 2 24 ± 3 29 ± 4 27 ± 4 18 ± 2
Temperature (°C) SW 9.9 ± 0.1 14.1 ± 0. 
